ABSTRACT -A hitherto unknown leech has been found infected on crucian carps Carassius auratus langsdorfii and C. cuvieri in the Yodo River system since 2000. From the morphological characteristics, the parasite was identified as Limnotrachelobdella sinensis (Piscicolidae). Parasitological surveys on 16 species of wild fish (n = 1,661) caught from October 2000 until March 2005 revealed that the leech was found only from moribund crucian carps. It has a one-year life cycle, in which the leeches were found from December until April next year. Because of its recovery only from moribund fish, large size (up to 4.9 cm in body length) and frequent heavy infection (highest number of parasites/fish: 62), its pathological effects on the hosts were suspected. However, such effects were not made clear except for the hemorrhages and erosion on and near the inner surface of operculum, the attachment site. This is the first record of this parasite from Japanese waters. Since the geographical distribution of the leech in Japan is still restricted to the Yodo River system, the potential risk of spread of the parasite to other water bodies is discussed.
A hitherto unknown leech was found infecting the inner operculum of a Japanese crucian carp, Carassius auratus langsdorfii (Japanese name: gin-buna) in the Yodo River system, Osaka Prefecture in January 2000. Next year, another crucian carp, Carassius cuvieri (Japanese name: gengorou-buna) was also found infected. Since then, the leech infection has been confirmed on the two species of fish in the Yodo River system every year. This paper deals with the description and identification of the parasite, with some notes on the host specificity and seasonality in the infection. Prefecture. A total of 1,542 fish were collected by a casting net. Most of the fish belonged to the family Cyprinidae and the scientific names of the fishes examined follow those used by Nakabo (1993) : oikawa Zacco platypus (n = 701), kouraimoroko Squalidus chankaensis (n = 502), hasu Opsariichthys uncirostris uncirostris (n = 211), kamatsuka Pseudogobio esocinus esocinus (n = 46), nigoi Hemibarbus barbus (n = 35), motsugo Pseudorasbora parva (n=15), gengorou-buna Carassius cuvieri (n = 7), gin-buna Carassius auratus langsdorfii (n = 5), zezera Biwia zezera (n = 3), common carp Cyprinus carpio (n = 2), "tabira" Acheiolognatus sp. (n = 2). Other groups of fish examined included largemouth bass Micropterus salmoides (Centrachidae) (n = 4), bluegill Lepomis macrochirus (Centrachidae) (n = 4), numachichibu Tridentiger brevispinis (Gobiidae) (n = 3), "yoshinobori" Rhinogobius sp. (Gobiidae) (n = 1) and ayu Plecoglossus altivelis (Plecoglossidae) (n = 1).
Materials and Methods

Wild fish samplings biweekly from
Besides, moribund fish, mostly crucian carps, C. cuvieri (5.7 -32.2 cm in body length, 5.7 -991 g in body weight; n = 65) and C. auratus langsdorfii (9.3 -33.5 cm in body length, 28 -1,300 g in body weight; n = 54), were also sampled by a scoop net whenever available during the period from January 2000 to March 2005. All the fish were macroscopically examined for the presence of the leech. Water temperature near the sampling site fluctuated between 3.7∞C and 31.0∞C in 2000 -04.
Some of the leeches were fixed in 10% formalin for measurement and identification. They were investigated under the instruction of Lukin (1976) . Figures were drawn with the aid of a camera lucida.
Results
Description and identification of the parasite (Fig. 1 Description: The body is distinctly divided into a relatively short, narrower neck and a long, broad trunk. The trunk is broader and longer than the neck by a factor of 3 and 5, respectively. The body is 3.8-4.9 cm (average 4.30 cm) in length and 0.9 -1.5 cm (average 1.14 cm) in width. The anterior sucker is relatively small, and its diameter is by a factor of 3-4 less than that of the posterior sucker. The posterior sucker is markedly broader than the end of the body. Eyes are in two pairs, but one of the five specimens examined has no eyes. Bubble-like protrusions on body sides occur in 11 pairs, spherical and large. They impart this leech an intrinsic shape of its body. The first pair (most anterior pair) of protrusions are smaller than the second one, and the size decreased from the second to the last pair.
Infection among fish collected
The leech attached to the inner surface of the operculum (Fig. 2) , and less frequently to the other parts of the body like the mouth lips and eyes. The gills were anemic and the inner surface of the operculum showed extensive hemorrhages and erosion.
No Among the other 14 species of fish examined (n = 1,530), five cyprinids (Z. platypus, S. chankaensis, O. uncirostris uncirostris, P. esocinus esocinus and H. barbus) were considered unsuitable hosts of this leech, while it was inconclusive whether the remaining nine species of fish were hosts of this leech or not because of the small sample size.
Annual and seasonal occurrences of the leech on crucian carps
Since no clear differences in the prevalence and parasite abundance between the two crucian carps (data not shown), the data on the annual and seasonal occurrences on these fishes were combined. Prevalence was high until 2002, but it suddenly dropped to a very low level in 2003. In 2004-05, the infection level recovered to some extent (Fig. 4) . The reason for this annual fluctuation in the infection is unknown. There was a clear seasonality in the occurrence of the parasite: the prevalence of infection of crucian carps was high during December through March, while no infection was recorded from May through November (Fig. 5 ). This suggests that the leech infected crucian carps in December, grew and matured in the following months, and left the hosts by April.
Discussion
Five species are known in the genus Limnotrachelobdella: L. sinensis, L. turkestanica, L. okae, L. taimeni and L. fujianensis (Lukin; 1976; Yang, 1987) . Among them, L. sinensis, L. turkestanica and L. taimeni infect freshwater fish and L. okae and L. fujianensis infect marine fish. Phylogenetic relationship among these species is not clear. L. sinensis can be differentiated from the other species of the genus mainly by the number, shape and size of the bubble-shaped lateral protrusions.
L. sinensis was first recorded in China; Blanchard (1896) described Trachelobdella sinensis n. sp. (now L. sinensis) from Chinese carp (scientific name not given) in Chefoo (=Yantai), Shandon Province. According to Yang (1987) , this leech was reported from carp Cyprinus carpio and crucian carp (scientific name not given) in Anhui, Jiangsu, Hunan and Heilongjiang Province. Outside China, L. sinensis was recorded on Amur carp Cyprinus carpio haematopterus and Prussian carp Carassius auratus gibelio in Lake Khanka and the Amur River from Blagoveshchensk to Khabarovsk, Russia (Epstein, 1987; Golovina, 2003) and on Cyprinus carpio nudus (=Cyprinus carpio) from Kangwondo, Korea (Rhee, 1986) . In Japan, Oka (1910) reported T. sinensis from the coast of Tokyo Bay, Awa, Sagami and Kaga (host unspecified). However, Moore (1924) revealed differences in morphology and habitat between Oka's description and the original description by Blanchard (1896) and proposed a new name, T. okae (now Limnotrachelobdella okae), for Oka's specimens. Thus, the leech has been recorded from the Far East except Japan.
Assuming L. sinensis is an indigenous parasite of fishes in the Yodo River system, it means that such a big parasite has been overlooked until recently. Besides, no record of this parasite has so far been made on fishes from other water bodies in Japan. Further, no big changes in the environment in and around the Yodo River system, like water temperature or other water quality parameters, have been noticed, which could have promoted a sudden increase of population of any indigenous but unnoticed parasite. Rather, it seems more likely that L. sinensis is a recently introduced parasite to the Yodo River system.
Leeches parasitic on fish have been documented as pathogens to hosts (Burreson, 2006) . Firstly, fish-parasitic leeches, including L. sinensis, feed on blood from hosts. Secondly, attachment by the posterior sucker can cause severe epidermal erosion. Thirdly, leeches may provide portals of entry through their feeding and attachment wounds for secondary pathogens. Further, they may act as vectors of fish pathogens, including viruses, bacteria and haematozoic protists.
In the present study, anemia of infected fish may have been caused by the parasite's blood feeding. However, co-infection with Flavobacterium psychrophilum, the causative agent of bacterial coldwater disease, was often isolated and confirmed by PCR (Yamashita et al., 2003 * ) . This bacterium is known to cause anemia to infected fish (Nematollahi et al., 2003; Miwa and Nakayasu, 2005) , and some crucian carp, free from leech infection, showed severe anemia. Thus, it was not made clear to what extent L. sinensis contributed to the observed anemia of crucian carps. The possibility that the leech played as a vector of F. psychrophilum was examined by PCR to detect the bacterial gene in the parasite body (M. Tanaka, unpublished data). Negative results for all the leeches examined suggest that L. sinensis was not involved in the dissemination of the bacterial coldwater disease among crucian carps in the Yodo River system. However, it is still possible that L. sinensis infection provided F. psychrophilum with its portals of entry to the fish.
The life cycle of L. sinensis is not completely understood. Leeches that feed on fish blood may be either temporary or semi-permanent parasites (Burreson, 2006) . Data on the growth of L. sinensis from December until March (Fig. 3) suggest that it is categorized into the latter group of leeches, which remain on the host during development. In piscicolid leeches, mating takes place on the host and spermatophores are implanted anywhere on the parasite body. Then, they leave host to lay eggs in small chitinoid cocoons that are attached to water plants and other underwater objects (Lukin, 1976) . Newly hatched piscicolid leeches can survive for a week or more before their first blood meal (Burreson, 2006) . Earliest detection of L. sinensis was in December, when the smallest specimen measured only 12 mm in body length. The survival time of hatched leeches and recovery of the smallest leech in December suggest eggs of L. sinensis hatch in late autumn or early winter. Thus, it is estimated that L. sinensis in the Yodo River system has a one-year life cycle. In China, this leech has a similar seasonal occurrence; it was found on the host only from the end of December until the beginning of June in Chao Hu Lake, Anhui Province (Yang, 1987) .
This parasite is known to infect fishes of the genus Carassius and Cyprinus. In this study, two species of crucian carps have been found infected; common carp was not infected, but only two specimens have been examined. It is still possible that L. sinensis can infect other Carassius species and common carp distributed in Japanese waters. Since crucian carps and common carp are almost ubiquitous fish in Japanese rivers and lakes, transportation of infected fish from the Yodo River system to elsewhere must be avoided. Once introduced to a new area, it may be very difficult to eradicate this parasite from there.
